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des Infections à Chlamydia, Université de Bordeaux II, Bordeaux,2 Institut Alfred Fournier, Paris,3 and
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The prevalence of Chlamydia trachomatis infection was 3.78% out of 1,277 volunteer students screened by
direct fluorescence assay and Cobas Amplicor PCR. The infection was associated with the nonuse or incon-
sistent use of condoms in women (P � 0.026) and a previous sexually transmitted infection in men (P � 0.023).
The most frequent genotypes determined by sequencing the omp1 genes of 25 clinical isolates were E (44%) and
F (20%), and some strains harbored mutations, but E genotype strains did not.

Chlamydia trachomatis, the leading cause of tubal infertility
and ectopic pregnancy in women, is the most common sexually
transmissible bacterial pathogen worldwide (4). Early detec-
tion, followed by correct treatment, is the key to reducing the
risk of complications and the community-wide prevalence of
sexually transmitted infections (STI) (4). The few studies of C.
trachomatis that have been carried out in Cameroon targeted
populations such as prostitutes (13), newborns (2), and preg-
nant women (16). Furthermore, nothing is known about the
diversity of Cameroonian strains. Restriction fragment length
polymorphism analysis (7, 17) and sequencing (5, 14) of the
amplified omp1 gene, which encodes the major outer mem-
brane protein, were recently successfully used to genotype var-
ious C. trachomatis serovars.

This study was aimed at estimating the prevalence of C.
trachomatis in volunteer students, identifying risk behaviors
associated with the infection, and genotyping isolated strains.
We also analyzed the relationship between genotypes and clin-
ical signs reported by the students.

A total of 1,277 sexually active volunteer students (609
women and 668 men; mean age, 25.62 years) were screened for
C. trachomatis infection between May and July 2001. The stu-
dents provided information about their age, marital status,
sexual behavior, past history of STI, and clinical signs. Fol-
low-up care, treatment if necessary, and anonymity were guar-
anteed. The study was approved by the Cameroonian National
Bioethics Committee.

Cervical and urethral specimens collected from women and
men were used for C. trachomatis detection by direct fluores-
cence assay (DFA) and PCR. Dacron swabs for DFA were
rolled over slides. The slides were air dried, fixed by incubation
in methanol, and stained with the Syva MicroTrak Chlamydia

direct specimen kit (Behring Diagnostics). The slides were
examined under UV light at a magnification of �500 for typ-
ical apple-green fluorescent elementary bodies (EB). The pres-
ence of more than five fluorescent EB was considered to be a
positive result. For PCR detection, Bactopick swabs were im-
mersed in 1.5 ml of 2-sucrose phosphate (2SP) transport me-
dium. All 2SP media were maintained at 4°C during specimen
collection and then aliquoted into three microtubes and frozen
at �80°C within 4 h of collection. The Cobas Amplicor PCR
test for Chlamydia trachomatis and Neisseria gonorrhoeae used
was carried out according to the manufacturer’s instructions
(Roche Diagnostics, Meylan, France) 3 months later by tech-
nicians unaware of DFA results. The aim of this comparison
was to evaluate the performance of the DFA test commonly
use in Cameroon, which is cheaper than PCR.

If DFA and PCR gave discordant results, we carried out two
further PCRs by the same method: one on the first lysate
stored at �20°C and the other on a new extract performed
under the conditions described by the manufacturer (Roche
Diagnostics). Patients with at least two positive detections for
the four tests performed (one DFA and three PCRs) were
considered to be definitely infected by C. trachomatis.

The samples declared positive upon resolution of discrep-
ancies were thawed and used to inoculate McCoy cell mono-
layers treated with cycloheximide. The chlamydial inclusion
bodies were detected with a monoclonal antibody (Syva Mi-
croTrak Chlamydia cell culture confirmation test; Behring Di-
agnostics). Strains (50 �l) were lysed by incubation in 100 �l of
lysis buffer containing 50 mM KCl, 10 mM Tris-HCl (pH 8.3),
4.5 mM MgCl2, 0.45% (wt/vol) Nonidet P-40, 0.45% (wt/vol)
Tween 20, and 200 �g of proteinase K/ml at 56°C for 90 min
and then at 95°C for 15 min. The omp1 gene was amplified by
PCR performed in a final volume of 50 �l with the primers
CT1 (5�-GCC GCT TTG AGT TCT GCT TCC TC-3�) and
CT5 (5�-ATT TAC GTG AGC AGC TCT CTC AT-3�)
(Genset SA) (17). The program of amplification involved heat-
ing at 95°C for 5 min and 35 cycles of 1 min at 95°C, 1 min at
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57°C, and 2 min at 72°C, followed by an extension period of 10
min at 72°C. PCR was performed in three separate rooms to
avoid contamination. The PCR products were purified with the
Wizard PCR Preps DNA purification system (Promega). The
sequencing of the omp1 gene was carried out on an ABI
PRISM 377 genetic analyzer (PE Biosystems) using a BigDye
sequencing kit (PE Biosystems) according to the manufactur-
er’s instructions. All strains were sequenced by using the fol-
lowing three primers: CT1, VD2F (5�-CAT ATG CAA GAT
GCT GAG ATG TTT AC-3�), and VD4F (5�-CTA TTG ATT
ACC ATG AGT GGC AAG C-3�) (Genset SA) (11). When
necessary, primers in reverse orientation, CT5 and VD3R
(5�-AAA CTT GCT GAG ACC ATT TAA CTC C-3�) (Genset
SA) (11), were used to confirm the nucleotide sequences. Con-
sensus sequences for clinical isolates were determined by com-
parison with the American Type Culture Collection reference
omp1 nucleotide sequences obtained from GenBank. Clinical
strains were sequenced once, and strains differing from the
reference omp1 sequence were reanalyzed by using a second
PCR preparation to rule out the possibility of errors.

The collected data were analyzed statistically by �2 or two-
tailed Fisher’s exact tests, depending on the sample size. Val-
ues of P that were �0.05 were considered statistically signifi-
cant. All analyses were performed with R software (10).

C. trachomatis prevalence and the relationship between in-
fection and risk factors. Ten specimens of the 1,277 tested (4
from women and 6 from men) had persistent PCR inhibitors
(internal control remained negative) and were excluded from
the study. All the inhibitory samples were DFA negative. DFA
yielded positive results for 49 of 1,267 (29 of 605 from females
and 20 of 662 from males) specimens, and PCR assay yielded
positive results for 59 of 1,267 (26 of 605 from females and 33
of 662 from males) specimens. Concordant positive results
were obtained for 38 specimens. DFA and PCR results were
highly consistent (kappa coefficient � 0.69; 95% confidence
interval [CI], 0.67 to 0.71). Eleven and 21 specimens yielded
positive C. trachomatis detection only by DFA and PCR, re-
spectively. Eight DFA-positive and 14 PCR-positive speci-
mens, which were not confirmed positive by repeat testing,
were considered false positive. On the basis of the discrepancy
resolution, 48 (24 women and 24 men) of the 1,267 students
were considered to have tested positive for C. trachomatis. The
self-reported characteristics of the infected students are shown
in Table 1. The overall prevalence of the infection was 3.78%
(95% CI, 2.83 to 5.03%). The prevalence in women was 3.96%
(95% CI, 2.61 to 5.93%), and that in men was 3.62% (95% CI,
2.38 to 5.42%). This prevalence of 3.78% is lower than the
38.3% reported for prostitutes (13) and the 6.9% reported for
508 students in Yaounde (3) but nonetheless demonstrates
that C. trachomatis infection is widespread in Cameroon. The
prevalence reported here is higher than the �2% prevalence
reported for students in some developed countries (18). We
believe that routine screening for STI in young people and the
treatment of cases would decrease the frequency of STI, with
major public health benefits, as up to 70% of infections in
women are asymptomatic (20) and 10 to 25% of infected
women suffer complications (9). Screening programs have con-
sistently been followed by a marked reduction in chlamydial
infection in Sweden (6) and in the United States (21). Chla-

mydial infection was a bit higher in students aged �25 years
(4.21%) than in those over the age of 25 years (3.39%). The
difference according to age was not statistically significant (P 	
0.05), in contrast to what has been reported in many epidemi-
ological studies (19). However, most of the students included
were more than 20 years old. Forty-five (93.75%) of the 48
students with C. trachomatis infection reported having clinical
signs, and only 3 (1 woman and 2 men) were asymptomatic. Of
the students not infected with C. trachomatis, 85.89% (1,047 of
1,219) declared that they had symptoms. The major symptoms
reported were vaginal discharge, vaginal itching, and lower
abdominal pains in women, while in men, the symptoms were
genital itching and urethral discharge.

Chlamydial infection was not significantly associated with
the presence of at least one clinical sign (P 	 0.05). The large
number of uninfected students reporting symptoms and the
relatively low prevalence of C. trachomatis infections suggest
that unidentified STI are common and remain untreated in
many students. This study design, based on voluntary recruit-
ment, may also generate sampling bias, favoring the recruit-
ment of students with clinical signs. Further studies with ran-
domly recruited samples are required to determine the true
proportion of young people with symptomatic or asymptomatic
C. trachomatis infection. In univariate analysis (Table 2), the
nonuse or inconsistent use of condoms was significantly asso-

TABLE 1. Characteristics of the infected students in Yaounde

Variable

No. of infected students/total
(%)a

Women Men

Age (yr) 24/602 (3.98) 24/652 (3.68)
�25 18/373 (4.82) 10/292 (3.42)
	25 6/229 (2.62) 14/360 (3.88)

No. of sexual partners (in last yr) 24/605 (3.96) 24/662 (3.62)
0 0/26 3/60 (5.00 )
1 13/375 (3.46) 6/220 (2.72)
2 to 5 11/200 (5.50) 12/344 (3.48)
More than 5 0/4 3/38 (7.89 )

Change of sexual partner (in last 6 mo) 23/580 (3.96) 21/607 (3.45)
Usual partner 16/418 (3.82) 9/329 (2.73)
1 new partner 4/138 (2.89) 3/181 (1.65)
More than 1 new partner 3/24 (12.5 ) 9/97 (9.27 )

Condom use (in the last yr) 24/581 (4.13) 21/605 (3.47)
Always 1/97 (1.03 ) 4/176 (2.27)
Never or occasionally 21/378 (5.55) 16/362 (4.41)
Never but the same partner 2/106 (1.88) 1/67 (1.49 )

History of STI (in the last yr) 24/605 (3.96) 24/662 (3.62)
No 18/472 (3.81) 11/452 (2.43)
Yes 6/133 (4.51) 13/210 (6.19)

Marital status 24/605 (3.96) 24/662 (3.96)
Single 20/522 (3.83) 21/594 (3.53)
Married or cohabitating 4/83 (4.81 ) 3/68 (4.41 )

Symptom category 24/605 (3.80) 24/662 (3.96)
Asymptomatic 1/67 (1.49 ) 2/108 (1.85)
Urogenital symptoms 23/538 (4.27) 22/554 (3.97)

a Differences in the total numbers of students for certain variables are due to
missing data.
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ciated with infection (odds ratio[OR], 3.89; 95% CI, 1.15 to
13.21; P � 0.026) in women. Encouraging condom use may
also help to control other STI and human immunodeficiency
virus (HIV) infection. Several studies have demonstrated that
HIV infection is associated with C. trachomatis (3, 8). In men,
a history of STI in the last 12 months was significantly associ-
ated with the risk of genital C. trachomatis infection (OR, 2.62;
95% CI, 1.16 to 6.01; P � 0.023).

Analysis of the sequence of the C. trachomatis omp1 gene.
The omp1 genes of 25 strains were successfully amplified and
sequenced. Our sequence data were clear and showed no sign
of mixed infections. Despite the small number of strains se-
quenced, typing these strains revealed them to have diverse
genotypes. The heterogeneity of C. trachomatis in this popu-
lation is consistent with that reported in other areas (22, 23).
The most common C. trachomatis genotype identified was E (n
� 11; 44%), followed by F (n � 5; 20%) and D/Da (n � 5;
20%). Three genotype J (12%) strains and one genotype G
(4%) strain were identified. The predominance of genotype E
in this study and others (15) suggests that this genotype may
have a real biological advantage over other genotypes. The
omp1 gene nucleotide sequences of all the genotype E strains
and their corresponding amino acid sequences were identical

to those for the entire omp1 gene of the reference E/Bour/
Peterson strain. Some sequence variations were found within
the various non-E genotypes and did not involve the same
nucleotides, likely due to the limited number of strains se-
quenced (Table 3). All the genotype J strains found in this
study presented nucleotide substitutions. One had a silent sub-
stitution at the same position (residue 369; C3T) as that
described by Jurstrand et al. (12).

Few studies have addressed the possible correlation between
specific genotypes and clinical signs. In our study, no associa-
tion between genotypes and specific clinical symptoms, for
either men or women, was found (P 	 0.05). However, Van
Duynhoven et al. found that genotypes H and J were most
commonly associated with urethral discharge and dysuria in
men, whereas the F and G group genotypes were most fre-
quently associated with lower abdominal pains in women (23).
It was also recently suggested that serovar G was associated
with the subsequent development of cervical squamous cell
carcinoma (1).

In conclusion, this study constitutes a step toward the con-
trol of C. trachomatis infection in Cameroon. DFA in our
hands was a good technique. Epidemiological data are re-
quired to assess the impact of the infection and to set up

TABLE 2. Association of STI risk factors and genital chlamydial infections in students

Variable

Women Men

% with infection for
which variable was: OR (95% CI) Pb

% with infection for
which variable was: OR (95% CI) P

Present Absent Present Absent

Age �25 yr 4.82 2.62 1.88 (0.74–4.82) 0.204 3.42 3.88 0.88 (0.38–2.00) 0.836
More than one sexual partner

in last yr
5.39 3.24 1.70 (0.75–3.87) 0.269 3.92 3.21 1.23 (0.53–2.85) 0.679

A new sexual partner in the
last 6 mo

4.32 3.82 1.13 (0.46–2.81) 0.813 4.31 2.73 1.60 (0.67–3.86) 0.373

Lack of or inconsistent
condom usea

5.55 1.50 3.89 (1.15–13.21) 0.026* 4.41 2.05 2.20 (0.80–6.09) 0.172

STI in last 12 mo 4.51 3.81 1.19 (0.46–3.06) 0.801 6.19 2.43 2.62 (1.16–6.01) 0.023*
Single 3.83 4.81 0.79 (0.26–2.36) 0.557 3.53 4.41 0.79 (0.23–2.73) 0.728
Clinical signs 4.27 1.49 2.95 (0.39–22.19) 0.502 3.97 1.85 2.19 (0.51–9.46) 0.402

a Only students without steady sexual partners were considered.
b *, significant correlation.

TABLE 3. Mutations found in the strains isolated from students, as detected by comparison with prototypes in GenBank

Wild strain
no., genotype

No. of
mutations Mutation Position Amino acid

change Domaina Type strain, GenBank
accession no.

8, D 2 C3T 423 Silent CD II D/UW-3/Cx, AE001338
G3A 510 Silent CD II

20, Da 1 A3G 235 N3D CD I D/11/cal-8, X62920
26, G 1 T3G 1003 S3A VD IV G/UW57/Cx, AF063199
2, F 1 G3A 780 Silent VD III F IC-Cal-3, X52080
22, F 1 T3G 587 V3G CD III F IC-Cal-3, X52080
21, J 1 A3G 107 D3G CD I J/UW36/Cx, AF063202
27, J 2 C3T 369 Silent VD I J/UW36/Cx, AF063202

T3C 554 V3A VD II
28, J 3 G3A 607 A3T CD III J/UW36/Cx, AF063202

G3A 706 E3K CD III
T3C 888 Silent CD IV

a CD, constant domain; VD, variable domain.
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screening programs. The characterization of C. trachomatis
strains may provide valuable information about circulating
strains and variants.
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